The aim of this study was to investigate the community of metazoan parasites in Hemibrycon surinamensis from the Matapi River, State of Amapá, Brazil. Among the 31 examined fish, 77.4 % were parasitized by Jainus hexops, Tereancistrum ornatus (Monogenea), Contracaecum sp. (Nematoda), Clinostomus marginatum and Posthodiplostomum sp. (Digenea). However, the dominance was of monogeneans J. hexops and T. ornatus, and among the endoparasites, the predominance was of species at the larval stage. The parasites showed random dispersion. Brillouin diversity index varied from 0 to 0.9, evenness from 0 to 0.7 and species richness from 0 to 3 parasites per host. Low levels of parasitic infection were observed and discussed. The results indicate that this intermediate host occupies a low position in the food web. This is the third eco-epidemiological study for H. surinamensis.
INTRODUCTION
Hemibrycon surinamensis Géry, 1962 is a Characidae fish with distribution only in South America -in the basins of French Guiana, Suriname and basins of Amazon, Tapajós, Tocantins and Xingu rivers, Brazil. This benthopelagic fish have omnivorous habit whose diet is yet little known, but it can feed on microcrustaceans and mollusks (Hoshino et al. 2014, Froese and Pauly 2019) . Small size fish, males reach maximum length of 8.0 cm and females 9.1 cm (Froese and Pauly 2019) . In some regions of the Amazon, this species is marketed as ornamental fish (Prang 2007) , but not in eastern Amazon.
The Matapi River, a left bank tributary of the Amazon River, is born in the central region of the State of Amapá, in the Northwest-Southeast direction, and flows into the Amazonian estuary, near the city of Santana, but establishes limit with three municipalities of this state. Thus, daily the Matapi River basin is flooded by the daily tides of the Amazon River, because its geomorphology is characterized by the coastal plain of the southern Amapá (Takyiama et al. 2007 , Silva et al. 2016 Hoshino et al. (2014) . The transmission of ectoparasites is influenced mainly by the behavior of the host fishes, which facilitates that these parasites find their hosts by active dispersion. Helminth endoparasites can be used to provide information on trophic interactions, since they have a complex life cycle, which requires several hosts at different trophic levels, and their transmission is dependent on the predator-prey relationship (Cloutman 1975 , Takemoto et al. 2013 , Hoshino et al. 2014 , Oliveira et al. 2017 , Baia et al. 2018 . Therefore, as there is little information on parasites of H. surinamensis, this study investigated the community of metazoan parasites of this host from the Matapi River, in the State of Amapá, Brazil.
MATERIALS AND METHODS

FISH AND COLLECTION AREA
In October 2017, 31 specimens of H. surinamensis (7.3 ± 0.7 cm and 13.5 ± 4.8 g) were collected in the Matapi River, near the municipality of Santana, State of Amapá, Brazil (Figure 1) , for parasitological analysis. Fish were caught using 10 mm mesh between opposite knots. Fish were transported packed in ice to the Aquaculture and Fishery Laboratory from Embrapa Amapá, Macapá (AP).
This study was conducted in accordance with the principles adopted by the Brazilian College of Animal Experimentation (COBEA) and approved by the Ethics Committee on the Use of Animals (CEUA/CPAFAP: 011/2018).
COLLECTION PROCEDURES AND PARASITES ANALYSIS
All fish were weighed (g) and measured for total length (cm), and then necropsied for parasitological analysis. Each specimen's mouth, opercula, gills and gastrointestinal tract were examined to collect parasites (protozoans and metazoans). Gills were removed, fixed in formalin (5%) and analyzed under a microscope. To quantify metazoan parasites, each viscera was dissected separately on Petri dish and was examined with a stereomicroscope. Previously described techniques were used to collect, fix, conserve, count and stain the parasites for identification (Eiras et al. 2006) . Parasites identification followed the recommendations of Moravec (1998) and Thatcher (2006) .
To analyze the parasite infracommunities, the ecological terms used were those recommended by Bush et al. (1997) . The following descriptors for the parasite community were calculated: the species richness, the Brillouin diversity index (HB), evenness (E) in association with diversity index, and dominance frequency (percentage of the infracommunities in which a parasite species is numerically dominant) (Rohde et al. 1995 , Magurran 2004 , using the Diversity software (Pisces Conservation Ltd., UK). The varianceto-mean ratio (ID) and the Poulin's discrepancy index (D) were calculated using the Quantitative Parasitology 3.0 software to detect the distribution pattern of the parasite infracommunity (Rózsa et al. 2000) for species with prevalence >10%. The ID significance for each infracommunity was tested using the d-statistics (Ludwig and Reynolds 1988) .
RESULTS
In 31 specimens of H. surinamensis, a total de 56 parasites were collected such as Jainus hexops Kritsky & Leiby, 1972 ; Tereancistrum ornatus Kritsky, Thatcher & Kayton, 1980 (Monogenea) ; Contracaecum sp. (Nematoda);
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Clinostomus marginatum Rudolphi, 1819 and Posthodiplostomum sp. (Digenea). However, the dominance was of monogeneans (Table I ). The parasites presented random dispersion (Table II) .
Of the analyzed fish, 77.4% had at least one species of endoparasites or ectoparasites, and all endoparasites were found at the larval stage (Table III) .
Brillouin diversity index ranged from 0 to 0.9, evenness from 0 to 0.7 and species richness from 0 to 3 parasites per host (Table IV) . There was a predominance of hosts with 0 to 2 parasites (Figure 2 ).
DISCUSSION
Since most wild fish can harbor several species of parasites, all community of parasites in a host population should be considered to adequately reflect the parasite-host relationship. The community of metazoan parasites in H. surinamensis from factors that influence the diversity and richness of parasites, including environment, age, size and feeding of the hosts (Cloutman 1975 , Madi and Silva 2005 , Hoshino et al. 2014 , Oliveira et al. 2017 , Baia et al. 2018 .
Several biotic and abiotic factors can influence the parasitism levels by monogeneans in wild fish, mainly the behavior of the hosts and the conditions of the environment. Sedentary fish or those living in lentic environments tend to be more exposed to these direct cycle parasites. However, other factors such as the length, sex and age of the hosts can also exert influence on the levels of parasitism (Cloutman 1975 , Takemoto et al. 2013 , Oliveira et al. 2017 , Baia et al. 2018 . In gills of H. surinamensis, it was found J. hexops, a monogenean originally described in Astyanax fasciatus from Costa Rica (Kritsky et al. 1972) , and also T. ornatus, a monogenean originally described in Prochilodus reticulatus from Colombia (Kritsky et al. 1980) . Recently, T. ornatus was reported parasitizing Moenkhausia sanctaefilomenae . In H. Surinamensis, infection levels by J. hexops and T. (Pinheiro et al. 2019) , demonstrating that this nematode have no host specifity, but present a broad geographic distribution. In the intestine of H. surinamensis, low levels of infection by larvae of Contracaecum sp. were found, as expected, because this omnivorous host also feed on microcrustaceans and mollusks (Hoshino et al. 2014, Froese and Pauly 2019) and is less likely to be infected compared to fish at the top of the food web (Hoshino et al. 2014) . Infection levels by Contracaecum sp. were lower that reported by Hoshino et al. (2014) Metacercarie of Posthodiplostomum sp. were found in the intestine and swim bladder of H. surinamensis, while metacercariae of Clinostomus marginatum occurred in the gills and tegument, suggesting that this fish is an intermediate host for these digeneans. In addition, the presence of metacercariae of Posthodiplostomum sp. in the intestine of H. surinamensis indicates that it is possible that this host also feeds on other smaller fish, although they are not part of the its diet. Life cycle of the Posthodiplostomum species involves two intermediate hosts, a snail and a fish species, besides a definitive host, a piscivorous bird species (Ritossa et al. 2013) . Clinostomum marginatum uses Biomphalaria species as an intermediate host and fish as secondary intermediate hosts, and its life cycle is completed in piscivorous birds, which are the definitive hosts Melo 2013, Pozza et al. 2018) . Therefore, in populations of wild fish such as H. surinamensis, the transmission of these 
Diversity indices Mean ± SD Range
Species richness 1.1 ± 0.8 0-3
Brillouin index (HB) 0.2 ± 0.3 0-0.9
Evenness (E) 0.1 ± 0.2 0-0.7
